The membrana nictitans was often deeply reddened and swollen. The conjunctiva was bright red in color. The vessels of the eyeball were injected. Fine strings of the yellowish white exudate were often observed on the eyeball or conjunctiva. In a few instances shallow, irregular ulcers were encountered on the cornea. In three cases there was extensive corneal opacity. Here interference with vision was severe. It was feared that the sight would be lost, but the opacities became smaller and finally disappeared. In certain cows but one eye was affected, in others both eyes were involved.
Bacteriology.
Fresh exudate was obtained from the inner canthus and beneath the lids on sterile cotton swabs. Films were prepared oi1 sterile cover-slips. The remaining material was suspended in salt solution and blood agar plates prepared at once. At first the swabs were smeared directly over slants of various media but the usual presence of spreading colonies of Bacillus subtilis, molds, etc., frequently made identification difficult. On the whole, when the organisms were numerous the plates from the salt solution suspensions were more satisfactory. Films of the exudate when stained with methylene blue or other aqueous stains usually revealed long strands of mucus. In certain cases the exudate was apparently composed only of mucus ( Fig. 2 ) with a few epithelial cells. In others the exudate contained leucocytes in large numbers (Fig. 3 ). Exudates when stained by Weigert's method often showed the presence of fibrin in small amounts. The organisms were usually abundant. The bacterium most frequently observed was a short rod with rounded ends. It usually occurred in pairs. Morphologically it appeared indistinguishable from published figures of the Moraxl-Axenfeld 2 diplobacillus of human pink-eye. At first it was regarded as Grampositive. After staining with Stirling's gentian violet and fixing with Lugol's solution it resisted decolorization with alcohol to a considerable degree but eventually became decolorized.
Morphological and Cultural Characters of the Dipiobacillus.
Morphology.--The individual elements are short, plump bacilli with rounded ends. The length is fairly uniform in 24 or 48 hour cultures, varying from 1.5 to 2 microns, and the width is 0.5 micron. Longer forms are not infrequent in the exudate. The bacilli usually occur in pairs and short chains both in the exudate and in culture media. Chains of four to eight are common in bouillon. It is nonmotile and does not form spores. Well developed capsules may be demonstrated in suitable preparations. The organism stains well by ordinary methods and it is Gram-negative. Growth is better on media containing blood or serum.
Colonies.--In agar plates containing 8 per cent of defibrinated horse blood the colonies are characteristic. After 24 hours the surface colonies are round, translucent, and grayish white. They are surrounded by a narrow, clear zone of hemolysis. The deep colonies are at this time barely perceptible to the naked eye. In sharp contrast is their dear hemolytic zone, usually 1.5 ram. in diameter. After 48 hours the surface colonies are more flattened in appearance and may reach a diameter of 3.5 to 4 ram. (Fig. 4) . The deep colonies are ovoid and biconvex ill shape. The hemolytic area has increased in diameter to 2.5 to 3 ram. No growth has been obtained on potato. Acid production has not been noted in any of the carbohydrate media usually employed. Indole is not found in sugar-free broth after 14 days incubation. A temperature of 58-59°C. for 5 minutes kills the organism. When the growth from 24 hour blood agar slants is smeared on sterile cover-slips and dried at room temperature the organism remains viable for 3 days. After this time growth can no longer be obtained.
Blood

Pathogenicity for Small Animals.
White mice and rabbits are refractory to subcutaneous or intraperitoneal injection of suspensions of exudate made from the eyes of cattle. In three instances a little of the suspension was dropped into the eyes of normal rabbits. The animals failed to react. Guinea pigs and rabbits injected intraperitoneally with heavy suspensions from freshly isolated cultures remained well. Heavy suspensions of cultures dropped into the eyes of rabbits and guinea pigs failed to produce noticeable effects.
EXPERIMENTAL.
Although the evidence pointed to the diplobacillus as the etiological agent there still existed some doubt as to the possible existence of some underlying agent. It was decided to inoculate fresh suspensions of exudate obtained from acute cases with the hope that if other organisms were responsible they might be detected early in the course of the infection.
With this in view a young calf was first inoculated by dropping a little of the fresh suspension on the eyeball and retaining it beneath the lower lid. The animal developed a mild inflammation of the eyes 2 days later, from which the diplobacilli were recovered. On the whole, the disease produced was so mild that it might have been due to mechanical causes.
A 6 months old bull was subsequently inoculated in the right eye with 0.5 cc. of a suspension of the exudate from two cases. The following protocol gives the results in some detail.
Bull Calf 898.--0n Sept. 16,1922,0.5 cc. of a salt solution suspension of exudate from two acute cases was dropped on the eyeball and retained for a few seconds beneath the lower lid of the right eye. Sept. 17 to 19. The eye appeared normal. On Sept. 20, a ramfform congestion of the vessels of the eyeball appeared. The membrana nictitans was swollen and of a bright pink color. The conjunctiva was deeply reddened. The eyes were sensitive to light. There was considerable thick, yellowish white discharge at the inner canthus. This on microscopic examination was mucopurulent. Diplobacilli were present in considerable numbers. Plate cultures revealed a few colonies of streptococci and many colonies of diplobacilli. The discharge continued for 3 or 4 days and gradually became less. The diplobacilli were observed in the films and were cultivated in plate cultures. On Sept. 28, the left eye became involved. A large amount of yellowish white exudate was observed at the inner canthus. The membrana nictitans was swollen and red. Microscopic examination of films from the exudate revealed strings of mucus, leucocytes, and a moderate number of diplobacilli. Over 80 per cent of the colonies which developed in the plate cultures were of the characteristic hemolytic type. The inflammation in the other eye was more pronounced at this time. The reaction gradually subsided and within 10 days disappeared. On Oct. 20, the eyes appeared normal, except for a trace of discharge at the inner corner of the right. Films prepared from both eyes still showed diplobacilli. The organisms were numerous and made up 95 per cent of the colonies developing in the plate cultures. Treatments three times a day with a 1:40 solution of zinc sulfate were begun on Oct. 23. A small quantity of the solution was dropped on the eyeball and retained for a brief period beneath the lids. On Oct. 26, the organisms could not be found in films. Plate cultures were also negative. The treatment was continued until Oct. 28. On this day material was again examined with negative results.
The preceding experiment strongly indicated that the diplobacilli were responsible for the disease. Streptococci in small numbers were also present but the diplobacilli made up from 70 to 95 per cent of the organisms present. Their persistence after the acute symptoms had subsided was sig-nificant. To establish definitely the etiological relationship of this diplobacillus pure cultures were dropped in the eyes of two cattle. A detailed report of one case is given.
Cow 897..--0n Oct. 10, a Holstein cow that had been under observation for several months was isolated in a tightly screened unit. On this day one-half the growth from pure cultures isolated from two spontaneous cases were each suspended in 2 cc. of sterile bouillon. 6 drops of these suspensions were permitted to run over the eyeballs. The right eye received culture from Cow 4301, the left the suspension from Culture 4316. On Oct. 11, lacrimation was pronounced. On Oct. 12, the eyes appeared normal, except for barely discernible swelling about the lids at the median borders. On Oct. 13, the lids of the right eye were appreciably thickened. The conjunctiva was reddened. The vessels of the eyeball were injected. A small amount of yellowish white, thick discharge was present at the inner canthus. Shreds of exudate were observed on the surface of the eyeball. The condition of the left eye was about the same, but the discharge was more copious. Microscopic examination of exudate from the right eye revealed desquamated epithelial cells, mucus, and large numbers of diplobacilli. Material from the left eye showed polymorphonuclear leucocytes in addition to epithelial cells, mucus, and diplobacilli (Fig. 5) . The plate cultures made from salt solution suspensions of exudate developed the hemolytic colonies in practically pure cultures. Observations were made daily. The ophthalmia became more pronounced during the next few days. On Oct. 15, swelling of the lids was pronounced. It extended for a distance of 5 cm. beyond the borders of the lids. About the inner corners of the eye the characteristic yellowish white exudate was observed. Palpation caused considerable discomfort. Congestion of the conjunctiva was pronounced. On Oct. 19, the manifestations of inflammation were severe. On Oct. 23, edema of the lids and congestion of the conjunctiva were accompanied by a mucopurulent exudate. The diplobacillus was present in the films and plate cultures in enormous numbers. Treatment with a 1:40 solution of zinc sulfate was started on Oct. 23. The inflammation subsided rapidly. After 3 days it was no longer possible to obtain the organisms in plate cultures. A few diplobacilli could still be found in the films. Treatment was continued until Oct. 28, when all symptoms had disappeared and diplobacilli did not develop in the plate cultures.
Cow 9~3.--The previous experiment was repeated. On Nov. 1, a bacteriological examination of the eyes failed to show the presence of the diplobacilli. Material obtained from beneath the membrana nictltans revealed only epithelial cells. On Nov. 1, material for inoculation was prepared by suspending three loopfuls of growth from the surface of a 24 hour agar culture in 2 cc. of bouillon. 3 drops of this suspension were instilled into the right eye. 2 days later the eye was visibly inflamed. The condition became more aggravated. 5 days after the inoculation the reddening was pronounced. The membrana nictitans was almost twice its normal size, being reddened and edematous. The lower lid was thickened. Congestion of the conjunctiva was pronounced. The characteristic yellowish white exudate was observed. Diplobacilli were present in the smears in enormous numbers. During the observation the left eye remained normal. The diplobacilli were first observed in the plate cultures and films prepared from the membrana nictitans of the left eye 10 days after inoculation. The inflammation gradually subsided in the right eye and on Nov. 12 abnormalities could no longer be detected. On Nov. 17, the organisms were still present in material obtained from both nictitaring membranes.
On the whole, the disease produced experimentally was milder than that observed in the herd. The fact that the diplobac/lli constantly associated with the spontaneous disease are fully capable of reproducing the disease when introduced into the eyes of normal cattle is established by our experiments. Probably the severity of the disease may be influenced by initial injury. The organism is, however, capable of attacking the normal membranes. In our experimental inoculations precautions were always taken against injurying either the eye or the lids. It seems possible to account for the comparative mildness of the inflammations by the conditions under which the cattle were kept. The units were free from draughts. The temperature was fairly uniform and the atmosphere contained very little dust. In addition, flies were not numerous. On. the other hand, the spontaneous cases varied considerably in their intensity. The incubation period was relatively a short one. It varied from 2 to 4 days in the experimental cases.
Of considerable significance is the persistence of the etiological agent in two of the three experimental cases after the disease had apparently subsided. Additional evidence was obtained when ten spontaneous cases were reexamined 3 and 4 months after the original observations. In a few cases a little discharge still persisted, but in nine cows a clinical diagnosis of ophthalmia was not justified. There was a pronounced opacity of the cornea in the other animal. From material obtained from the membrana nictitans of five cases diplobaciUi were observed in the films and cultivated in plate or coagulated serum cultures. DISCUSSION. From the lack of literature it would seem that contagious ophthalmia is relatively rare in cattle. Practitioners in this district, however, inform us that during the early fall months eye diseases are prevalent in certain localities. Whether these outbreaks are due to infection with the diplobacilli is not known. Allen 3 called attention to a disease of the eyes of cattle in the Province of Quebec. The symptoms manifested differed in certain respects from those observed by us. He called particular attention to a smoky or hazy appearance of the cornea with marked lacrimation and photophobia. The development of protuberances in the membrana nictitans was also recorded. Short, thick diplobacllli were encountered in small numbers in stained smears of the watery exudate. Attempts to cultivate these organisms on ordinary media failed. In one instance a culture was obtained in a serum medium. Attempts to reproduce the disease in cattle by instillation of this culture into the eyes failed.
In a translation by Kappeyney and Ward 4 of an article by Poels 5 an infectious keratitis of cattle is described. From bits of incised cornea Poels cultivated Bacillus pyogenes. Instillation of the culture beneath the lids produced no apparent ill effects. Injection of Bacillus pyogenes beneath the epithelial layer of the cornea resulted in infection.
In morphology and the ability to liquefy serum the organism isolated by Allen resembles the one obtained by us. There are, however, many clinical differences. In our cases a yellowish white, mucous or mucopurulent discharge was practically a constant accompaniment of the disease. Films from the bulk of the cases revealed the diplobacilli in large numbers. Allen calls attention to the relatively few organisms encountered in a watery exudate. In his cases the principal diagnostic sign was a smoky appearance of the eyeball. This symptom was not observed by us.
The disease did not necessarily attack neighboring cows. The cases occurred irregularly throughout the barn and finally spread to other barns. It seems possible to account for this irregular occurrence by assuming transmission by flies. They were numerous during the outbreak and were frequently observed feeding on the exudate. The disease became quiescent after the inauguration of treatment and the onset of cold weather. It is not impossible that it may a Allen, J. A., J. Am. Vet. Med. Assn., 1918 -19, liv, 307. 4 Kappeyney, J., and Ward, A. R., J. Am. Vet. Med. Assn., 1917 , li, 526. 5 Poels, J., Tijdschr. veeartsenijk., 1911 reappear in sporadic or epidemic form at any time, since five of the ten cows reexamined after 3 or 4 months were still carrying the diplobacilli. Since the data have been gathered together a typical but mild infection from which diplobacilli were isolated occurred in the latter part of January, 1923.
Of considerable interest is the resemblance of the diplobacillus obtained from the cows to that described by Morax and 2Zxenfeld, Pusey, 6 and others from human conjunctivitis. The morphology appears to be the same. Certain of the growth characters of both organisms are suggestive. Both form the characteristic pits of liquefaction on the surface of coagulated serum. Both are obligatory aerobes. The addition of serum to media enhances growth. Carbohydrate fermentation has not been observed for either organism. Neither is pathogenic for laboratory animals. Of interest is the apparent specificity of zinc sulfate in the treatment of infections with the human and the bovine diplobacilli. The Morax-Axenfeld bacillus is said not to liquefy gelatin. Its failure to grow in milk is a further difference. It may be possible to explain these apparent differences in the light of more recent knowledge concerning the initial hydrogen ion concentration of culture media. The proteolytic activities of the Morax-Axenfeld bacillus in coagulated serum media suggest that under proper conditions of alkalinity digestion of gelatin and casein is possible. Both types must be compared under the same conditions before specific differences can be determined.
SUMMARY.
Twenty-four cases of an acute ophthalmia of cattle have been observed. The infection is characterized by photophobia, severe congestion of the vessels of the eyeball, conjunctivitis, congestion and edema of the membrana nictitans, edema of the eyelids, accompanied by a thick, yellowish white mucus or mucopurulent exudate. In certain cases corneal ulcers and extensive corneal opacities developed. From all cases a characteristic diplobacillus was obtained. The organism was usually observed in the exudate in large numbers. The morphology, the hemolytic properties, and the proteolytic * Pusey, B., J. Am. Med. Assn., 1906, xlvH. 255. activities readily assist in its identification. Instillation of a few drops of bouillon suspensions of pure cultures beneath the eyelids of normal cattle gave rise to characteristic inflammations. The organism is not pathogenic for laboratory animals. 
